Apolipoprotein (apo) A-V is a new member of the apolipoprotein gene family and has a role in triglyceride metabolism. We have developed an ELISA for apo A-V, in which the lower limit of detection is 0.3 ng/mL, with linearity up to 20 ng/mL, and have quantified plasma apo A-V concentration in healthy and diabetic subjects. In healthy subjects plasma total apo A-V concentration was 179.2 ± 74.8 ng/mL, and it was higher in females than in males (P < 0.005). Plasma apo A-V concentration was correlated positively with high density lipoprotein (HDL) cholesterol (r = 0.316, P < 0.0001), apo A-I (r = 0.269, P = 0.0001) and apo E (r = 0.180, P = 0.011), and negatively with triglycerides (r = -0.218, P = 0.021). In females but not males, apo A-V concentration was correlated positively with HDL cholesterol (r = 0.277, P = 0.0068), apo A-I (r = 0.207, P = 0.0435) and apo E (r = 0.212, P = 0.0388), and negatively with triglycerides (r = -0.228, P = 0.0262). In the single nucleotide polymorphism of the SNP3 at the position -1131 nt of the apo A-V gene, apo A-V concentration was significantly higher in subjects with the T/T type than those with the C/C type (P < 0.01), but not with the C/T type. In contrast, triglyceride concentration was significantly lower in subjects with the T/T type than in those with the C/C or C/T type (P < 0.05). In addition, apo A-V concentration was much lower in non-insulin dependent diabetes mellitus than in healthy subjects (69.4 ± 44.3 ng/mL vs 179.2 ± 74.8 ng/mL, P < 0.01).
Introduction
Plasma triglyceride (TG) levels are influenced by both genetic and environmental factors and are a major independent risk factor for coronary heart disease (CHD) (1, 2) . Plasma triglyceride concentration is influenced by many factors. These include apolipoproteins (apo) A-I, A-IV, C-II and C-III, lipoprotein lipase (LPL), lecithin:cholesterol acyltransferase (LCAT), cholesterylester transfer protein (CETP), and phospholipid transfer protein (PLTP) (3) (4) (5) (6) (7) (8) (9) (10) (11) . These factors and their associated gene-environment interactions are of importance in the pathogenesis of coronary heart disease (CHD).
Apo A-V has recently been identified by comparative sequencing of human and mouse DNA, and is located about 27kb distal to the apo A-IV gene in the APOA1/C3/A4 gene cluster on chromosome 11q23 (12) . Apo A-V, shown to be expressed mostly in liver and independently named regeneration-associated protein 3 (RAP3), is upregulated after the early phase of liver regeneration after hepatectomy in rat (13). In mice overexpressing the human apo A-V gene, triglyceride concentrations decreased by 50-70%, and in apo A-V gene knockout mice plasma triglyceride concentrations increased approximately fourfold (12 -14) . These results suggest that apo A-V expression may strongly influence, and be negatively associated with, plasma triglyceride concentrations. Apo A-V both enhances lipoprotein lipase-mediated hydrolysis of plasma TG and inhibits hepatic very low density lipoprotein (VLDL)-TG 5 by guest, on www.jlr.org Downloaded from production (15) . Apo A-V also stimulates the efflux of cholesterol from cells by a mechanism dependent on the ATP binding cassette transporter A1 (ABC-A1) protein, as do other exchangeable apolipoproteins, such as apo A-I and apo A-IV (16) . It has recently been described that apo A-V mRNA is regulated by peroxisome proliferatoractivated receptor-alpha (PPAR-alpha) agonists (17, 18) , and that the liver X receptor (LXR) ligand T0901317 decreases apo A-V mRNA through the activation of sterol regulatory element-binding protein (SREBP) -1c (19) . These results raise the possibility that some triglyceride-lowering agents, such as fenofibrate, may act by altering the expression of apo A-V. In addition, associations have been identified between plasma TG concentrations and several apo A-V polymorphisms, including -1131T/C, -3A/G, S19W and 1259T/C (12, (20) (21) (22) (23) (24) (25) (26) . Plasma apo A-V concentrations have recently been measured in Caucasians by using an ELISA procedure that employs polyclonal antibodies against the NH 3 -and COOH-terminus of the protein (27) .
We have raised two monoclonal antibodies against human apo A-V, and used them to develop a new sandwich enzyme-linked immunosorbent assay (ELISA). We then used the assay to study plasma total apo A-V concentrations, and the distribution of apo A-V, between high density lipoproteins (HDLs) and other lipoproteins, in healthy subjects.
6
by guest, on www.jlr.org
Downloaded from

Methods
Materials
3-[(3-Cholamidopropyl) dimethyl-ammonio] propanesulfonic acid (CHAPS) was purchased from Wako Pure Chemical Industries (Osaka, Japan). Protein A Sepharose FF was from Amersham Bioscience (Uppsala, Sweden).
Subjects
Blood from 196 apparently healthy volunteers (105 males, 91 females) without any medication, who had fasted overnight, was collected at the BML Clinical Reference Laboratory (Saitama, Japan). Blood from 106 non-insulin dependent diabetics (61 males and 45 females) was collected in the outpatient clinic of the Hokkaido Hospital for Social Insurance (Sapporo, Japan) after overnight fasting. EDTA-plasma was isolated immediately by centrifugation at 4ÚC and stored at -80ÚC until use. Subjects were not taking medications. Lipid profiles are shown in Table 1 . In healthy subjects, concentrations of total and LDL cholesterol, triglyceride and apo AI were greater, and those of apo A-I and apo E were lower, in males than in females. This study was approved by the ethical committee of Hokkaido Hospital for Social Insurance and BML.
Informed consent was obtained from all subjects. IgG fraction was isolated from ascitic fluid using protein A-Sepharose FF as previously described (28) , dialyzed at 4ÚC against PBS, and stored at -80ÚC. The specificities of mAb B10E and mAb E8E were confirmed by ELISA and immunoblotting against purified HDL and rhapo A-V. MAb isotype was characterized using the IsoStrip mouse monoclonal antibody isotyping kit (Roche Diagnostics, Basel, Switzerland), and was IgG 2a and IgG 1 for mAb B10E and mAb E8E, respectively.
Cloning of human apo
Measurement of plasma apo A-V concentration
Mab B10E (100 µL of 5 µg/mL solution in PBS) was coated on to a microtiter When purified rhapo A-V was added to samples of plasma (n = 3) in sufficient amounts to raise the total apo A-V concentration by 100 -400 ng/mL, the final concentrations given by the ELISA averaged 100.7% (85.6% to 111.7%) of those predicted. The intra-and inter-assay CVs of the ELISA were 2.2 ~ 3.8% (n = 10) and 
Determination of the apo A-V genotype by Invader® assay
The single nucleotide polymorphism (SNP) 1,131 bp upstream of the transcription start site (T-1131 C; SNP3) of the apo A-V gene was detected by the Invader® assay as previously described (28, 32) . Primary probes and Invader oligonucleotide for each mutation were designed with Invader® Creator software to have theoretic annealing temperatures of 63ÚC and 77ÚC, respectively, using a nearest-neighbor algorithm on the basis of final probe and target concentrations. The primary probes and Invader oligonucleotides used are shown in Table 2 . Genotyping was performed by calculation, using the ratios of net counts with wild primary probe to net counts with mutant primary probe. The accuracy of each genotyping was 100%, determined by comparison with results previously obtained by PCR-RFLP analysis and direct sequencing.
Other laboratory methods
Measurements of plasma total cholesterol, triacylglycerol and HDL cholesterol concentrations were performed in a Hitachi 7450 automated analyzer using commercial 12 by guest, on www.jlr.org Downloaded from kits (Daiichi Pure Chemicals, Tokyo, Japan). HDL cholesterol was measured after precipitation of apo B-containing lipoproteins with a commercial reagent containing dextran sulfate, phosphotungstate and magnesium chloride (Daiichi Pure Chemicals, Co., Tokyo, Japan) (28) . LDL cholesterol concentration was calculated according to Friedewald et al (33) . Protein content was determined by the BCA protein assay kit (Pierce, CA) using BSA as a calibrator. SDS-PAGE was performed by the Laemmli method (34) and immunoblotting as described by Towbin et al. (35) .
Statistical analysis
Results were expressed as mean ± SD. ANOVA was used for group comparisons.
Correlations were analyzed by the Spearman's rank correlation coefficient. P < 0.05 was considered statistically significant.
Results
Characterization of anti-apo A-V mAbs
The bacterial rhapo A-V purified from the lysate of E. coli showed a major band of about 40 kDa protein (Fig. 1A) . This represented more than 95% of total protein after scanning of the gel. Mice were first immunized by DNA injection, followed by partially purified rhapo A-V from CHO culture medium. Two monoclonal antibodies (mAbs) specific for apo A-V were established: mAb B10E and mAb E8E. When rhapo A-V and human plasma were subjected to SDS-PAGE, both mAbs reacted with a single protein (Fig. 1B) , the molecular mass of which (40 kDa, Fig. 1B, lane 1 and 2) was similar to that previously reported for human plasma apo A-V (16). The molecular weight of bacterial rhapo A-V (AA22-363) appeared to be greater than those in plasma and culture medium, suggesting that plasma apo A-V may be secreted with more processing. By agarose electrophoresis and Western blotting, apo A-V was detected in the portion corresponding to alpha-lipoproteins, presumably owing to the lower content of apo A-V in the latter (data not shown). There was no evidence of recognition of other plasma proteins. Both mAbs similarly reacted with rhapoA-V from E. coli or CHO cells coated on a microtiterplate (Fig. 2) .
Standardization of ELISA for plasma apo A-V concentration
A sandwich ELISA for plasma apo A-V was established using mAb B10E for 14 by guest, on www.jlr.org Downloaded from capture and biotinylated mAb E8E for detection. The system showed a dose-dependent response to purified bacterial rhapoA-V, to CHO culture medium expressing rhapo A-V and to plasma, and the reactivity was equal with both bacterial and mammalian rhapo A-V (Fig. 3) . For calibration of the ELISA, purified bacterial rhapo A-V was used as the primary calibrator. When subjected to SDS-PAGE and visualized by CBB staining, the purified bacterial rhapo A-V showed a single major 40 kDa band (Fig. 1) , which represented > 95% of the total protein in the preparation (as determined by gel scanning using the Intelligent Quantifier system). The protein concentration of this primary rhapo A-V calibrator, assayed using a BCA protein kit with BSA as calibrator, was typically 1.94 mg/mL.
To obtain a calibration curve for the ELISA, dilutions of the primary calibrator were made in PBS containing 5 g/L CHAPS to provide 0.3125 -20.0 ng of rhapo A-V protein per well (15.6 -1000 ng/mL). When the rhapo A-V culture medium, as a secondary calibrator, was diluted in PBS containing 5 g/L CHAPS to cover the apo A-V concentration range 0.3125 -20.0 ng /mL, the curve was identical to that obtained with the primary calibrator (Fig. 4) . The ELISA was linear up to 1000 ng/mL and suitable for quantifying apo A-V concentrations as low as 15.6 ng/mL. The linearity was also confirmed with serially diluted plasma samples of several concentrations (186 -831 ng/mL) (data not shown). To avoid potential non-linearity caused by very low or high absorbance, the apo A-V concentrations in plasma samples were measured using (Fig. 3) .
Fifty-fold dilution of plasma, in which the diluted aliquot that gave an absorbance between 0.5 and 1.2, was chosen for routine use.
The detergent CHAPS was included in the diluent to avoid any effects of differences between samples in their lipid or apolipoprotein compositions. We examined several detergents for sample dilution, including Tween 20, Triton X-100, Nonidet P-40, SDS, CHAPS, CHAPSO, BIGCHAP, deoxy-BIGCHAP, n-octyl-ß-Dglucoside, n-heptyl-ß-D-thioglucoside, n-octyl-ß-D-thioglucoside, n-dodecyl-ß-D-maltoside, MEGA-8, MEGA-9, MEGA-10, sucrose monocaprate (SM-1000), sodium cholate, and digitonin (Detergent Starter Kit II; Wako Pure Chemical Industries). Plasma samples diluted (10-fold) and the rhapo A-V culture medium diluted (20-fold) with PBS gave similar absorbance with each detergent, but most detergents gave higher absorbance in the background (blocking buffer alone), and only two detergents, CHAPS and CHAPSO, showed lower background (absorbance less than 0.1). Therefore we chose PBS containing 5 g/L CHAPS as the sample diluent (data not shown). The day-to-day variation and between-plate-within-day variation in the ELISA were 5.5 ~ 8.8% (n = 5) and 2.2 ~ 3.8% (n = 10), respectively.
Plasma apo A-V concentrations in healthy subjects
Results for apo A-V concentration in healthy men and women are presented in Table 3 . The average of plasma apo A-V concentrations was 179.2 ± 74.8 ng/mL, and they were higher in females than in males (P < 0.005). In all subjects combined (both 
Plasma apo A-V concentrations in relation to the apo A-V polymorphism
Several single nucleotide polymorphisms (SNPs) of the apo A-V gene are commonly present in humans (12, (21) (22) (23) (24) (25) (26) (27) . In the present study, the SNP3 at the position -1131 nt of the apo A-V gene was analyzed in healthy subjects, and the frequency for the T and C alleles was 0.635 and 0.365, respectively. Apo A-V concentration was statistically higher (P < 0.01) in subjects with the T/T type than those with the C/C type but not with the C/T type ( significantly lower in subjects with the T/T type than those with the C/C type (P < 0.01) or the C/T type (P < 0.05).
Plasma apo A-V concentrations in non-insulin dependent diabetes
In both men and women apo A-V concentration was much lower in subjects with non-insulin dependent diabetes mellitus (NIDDM) than in healthy controls (Table   3 ). This was in spite of the fact that LDL cholesterol and apo B concentrations were higher than in controls, and there were significant differences between the two groups in 
Discussion
We have developed a sandwich ELISA for plasma apo A-V concentration, using two monoclonal antibodies against apo A-V produced by DNA injection. The specificity of the antibodies was confirmed by immunoblotting. Both mAb E8E and m Ab B10E reacted with a single protein in human plasma of about 40 kDa molecular mass, which is the same as that previously reported for plasma apo A-V (27) . Both mAb E8E and mAb B10E reacted with human VLDLs and HDLs under denaturing conditions (data not shown), and both mAbs reacted similarly with purified rhapo A-V from E. coli and partially purified rhapo A-V from CHO cells coated on to a microtiter plate. The ELISA also measured equally rhapo A-V from bacterial and mammalian cells. Our ELISA can be used to measure up to 1000 ng/mL of plasma apo A-V with linearity.
Plasma apo A-V concentration has been measured by others with a sandwich ELISA using polyclonal antibodies, which were raised against synthetic peptides of NH2-and COOH-terminus of apo A-V (27) . Serum apo A-V concentrations observed in 10 subjects (126.5 ± 86.2 ng/mL, mean ± SD, range 24 -258 ng/mL) were somewhat lower on average than those we have observed in healthy Japanese subjects and apo E, our ELISA appears to have greater sensitivity than that of Obrien et al (27) , as they used serum samples with 3-fold dilution, whereas our system uses a 50-fold dilution. In our system, PBS containing 5 g/L CHAPS for sample dilution was used to avoid non-specific binding of antigen to a plate, whereas they used PBS containing 1% Triton X-100 for sample dilution, which may affect the reactivity of mAbs to antigen and induce antigen conformational change.
Many studies have described an association of apo A-V SNPs to plasma triglyceride concentration (12, (20) (21) (22) (23) (24) (25) (26) . However, there is no information on the relation of plasma apo A-V level to plasma triglycerides. In the present study, the frequency of the C allele at SNP3 was much higher in Japanese than reported in Caucasians (0.37 vs. 0.08), which is consistent with the observation by Nabika et al (36) . In addition, the triglyceride level in subjects with the T/T genotype was significantly lower than that in subjects with the T/C or CC genotype. These results suggest that the SNP3 genotype may influence plasma apo A-V concentration (Table 5 ). This is the first evidence that plasma apo A-V level is inversely associated with plasma triglycerides in humans. This We also measured plasma apo A-V concentrations in NIDDM patients without drug therapy. Plasma apo A-V concentration in NIDDM was significantly lower than in healthy subjects. In mice with over-or under-expression of plasma apo A-V, plasma apo A-V concentration was reduced and plasma triglycerides were raised (12 -14) , suggesting that apo A-V has a crucial role in plasma triglyceride metabolism. It has been described that the APOA5 gene is regulated by peroxisome proliferator-activated receptor-alpha and franesoid X receptor ligands, both nuclear receptors implicated in triglyceride metabolism (37, 38) . Furthermore, the expression of apo A-V mRNA was decreased by the administration of liver X receptor (LXRs) ligands, which are known to affect triglyceride metabolism in mice and humans (39) , through the activation of sterol regulatory element binding protein (SREBP) 1c (40) . The expression of SREBP1 c mRNA was increased by insulin treatment in isolated rat hepatocytes (41, 42) . In insulin resistance and hyperinsulinemia, SREBP-1c levels are elevated (43) . These findings suggest that apo A-V expression might be down-regulated in the presence of insulin resistance. Nowak, et al (44) has recently reported that plasma apo A-V level was decreased by the infusion of insulin. Our results in NIDDM subjects are consistent with those in insulin resistance and hyperinsulinemia. However, large epidemiologic studies will be needed to clearly define the relation of hypertriglyceridemia and CHD risk to apo A-V concentration. Table 3 Plasma 152.4 ± 78.7 c, § 1.46 ± 1.14 b
Significant differences from the T/T type at position -1131, a P < 0.05 b P < 0.01, c P < 0.005 and from the C/T type at position -1131, § P < 0.01.
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